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(54) HYDRAULIC CIRCUIT DEVICE 

(57) An oil passage slit (20) that is formed in the 
valve disc (50) of a flow dividing valve (5-1), a control 
chamber (70) and oil passage (31-1) are connected to a 
signal transmission oil passage (9), the oil passage slit 
(20) being formed with a lap portion (32) having a check 
valve function with a lap quantity X at the shut-off posi- 
tion of the valve disc (50), the oil passage (31-1) having 
a 2-position 3-way valve (1 1 ) installed therein. The valve 
(11) connects the control chamber (70) of the flow divid- 
ing valve (5-1 ) to the signal transmission oil passage (9) 
alone when there is no external signal (F), while when 
the external signal (F) is applied, it connects the control 
chamber (70) both to the signal transmission oil pas- 
sage (9) and to a low pressure detection oil passage 
(35) connected to the outlet passage (5b) of a flow divid- 
ing valve (5-2) on the side of a hydraulic actuator (3-2). 
This ensures that during composite operation driving an 
inertial body, the pressure on the low load pressure side 
is detected as a signal pressure without shutting off a 
load pressure detection oil passage on the high load 
pressure side and that the portion for detecting the load 
pressure is simplified and the flow dividing function is 
not impaired. 
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Description 

Technical Field 

[0001] The present invention relates to a hydraulic 
circuit system mounted on a construction machine, 
such as a hydraulic excavator, including a plurality of 
hydraulic actuators which are often simultaneously 
operated, and more particularly to a hydraulic circuit 
system including a load sensing system and having 
control valves provided with flow distribution valves 
which enable a combined operation to be performed 
without being affected by a difference in load pressure 
between a plurality of hydraulic actuators. 



[0002] JP,C 2721383 discloses a hydraulic circuit 
system employing a load sensing system in a hydraulic 
excavator as a typical example of construction 
machines, and including flow distribution valves which 
enable a combined operation to be performed. The 
hydraulic circuit system shown in Fig. 3 of the known art 
comprises a variable displacement hydraulic pump, a 
tilting control cylinder for the hydraulic pump, an LS 
valve for operating the tilting control cylinder depending 
on a differentia! pressure between a delivery pressure 
of the hydraulic pump and a maximum load pressure, 
and a flow distribution valve disposed on the outlet side 
of each meter-in throttle of a plurality of directional con- 
trol valves. Further, a branch hydraulic line for detecting 
a load pressure is provided on the outlet side of each 
flow distribution valve, and a check valve is provided in 
the branch hydraulic line. With such an arrangement, 
when the load pressure of the associated hydraulic 
actuator is a maximum one, that load pressure is 
detected by the check valve and the detected load pres- 
sure is transmitted, as a signal pressure, to the LS valve 
via a signal transmitting hydraulic line. Also, a hydraulic 
fluid outgoing from the meter-in throttle is introduced to 
the hydraulic actuator through the flow distribution 
valve. The signal pressure is introduced to a control 
chamber in which a pressure bearing portion of each 
flow distribution valve acting in the throttling direction is 
positioned, and an inlet-side pressure of each flow dis- 
tribution valve is introduced to a space in which a pres- 
sure bearing portion of each flow distribution valve on 
the opposite side (acting in the valve opening direction) 
is positioned. Thus, the same signal pressure is applied 
to the pressure bearing portions of all the flow distribu- 
tion valves acting in the throttling direction, and the flow 
distribution valve on the lower load pressure side is bal- 
anced when the pressure bearing portion of that valve 
on the opposite side (acting in the valve opening direc- 
tion) is subjected to the same pressure as the inlet-side 
pressure of the flow distribution valve on the higher load 
pressure side. Accordingly, a differential pressure 
across the meter-in throttle has the same value on both 



2 

the higher and lower load pressure sides so that the 
hydraulic fluid delivered from the hydraulic pump is dis- 
tributed depending on a ratio between valve openings of 
the meter-in throttles. With such a flow distributing func- 

5 tion, the hydraulic actuators can be operated at the 
same time regardless of the difference in load pressure. 
[0003] Also, a swing motor and a boom cylinder are 
provided as the hydraulic actuators, and an on/off valve 
is disposed in a branch hydraulic line for detecting a 

10 load pressure on the swing motor side. The on/off valve 
is operated by a pilot pressure signal for the boom-rais- 
ing operation. With that arrangement, when the boom is 
raised while turning a swing body of the hydraulic exca- 
vator, the on/off valve is operated to cut off the load 

15 pressure of the swing motor, and the load pressure of 
the boom -raising operation is detected, as the signal 
pressure, to operate the LS valve and a pressure com- 
pensation valve. 

[0004] Further, PCT Laid-Open Publication 
20 WO98/31940 discloses a control valve for use in a 
hydraulic circuit system including a load sensing sys- 
tem, the control valve being constructed as a valve 
assembly in combination of a flow distribution valve and 
a hold check valve for simplification. In the disclosed 
25 control valve, a valve body of the flow distribution valve 
is partly incorporated in a hollow valve body of the hold 
check valve, and a load-pressure detecting hydraulic 
line of the control valve is formed as an internal passage 
(hydraulic line slit) of the flow distribution valve. The 
30 internal passage is utilized to provide a check valve 
function. As a result, a check valve as a separate valve 
element is no longer required and the control valve is 
simplified in its construction. 

35 Disclosure of Invention 

[0005] Of civil engineering works using a hydraulic 
excavator, the most popular one is to scoop earth and 
sand excavated by a front device and to load the earth 

40 and sand on a dump truck. Let suppose the case of car- 
rying out the work in such a manner that the truck is on 
standby with its bed positioned in a direction rotated 90 
degrees from the excavating direction of the front 
device. After scooping the earth and sand by a bucket, 

45 the boom is raised to a level of the truck bed and an 
upper swing body is turned 90 degrees. Then, the work 
is finished by discharging the earth and sand onto the 
truck bed. To perform the work quickly, the upper swing 
body is turned simultaneously with raising of the boom. 

so To avoid the hydraulic excavator from striking against 
the truck during the work, the bucket at a fore end of the 
front device must be at a position higher than the level 
of the truck bed when the upper swing body has been 
turned 90 degrees. A method of first turning the upper 

55 swing body through 90 degrees and then raising the 
boom accompanies a possibility that the bucket may 
strike against the truck bed. 

[0006] In the hydraulic circuit system having the 
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general construction shown in Fig. 3 of the above-cited 
JP,C 2721383 with the on/off switch not provided, when 
remote control valves for swing and boom-raising are 
both operated at the same time to perform the above- 
mentioned work, the upper swing body cannot move at 
once because it is an inertial body and a swing side sys- 
tem has large inertia. Therefore, the pressure detected 
on the swing side has a value close to a delivery pres- 
sure of a hydraulic pump, and the LS valve is operated 
to increase the pump delivery pressure up to a relief 
pressure immediately. In spite of that the boom can be 
operated with a lower pressure than the relief pressure 
when operated solely, an extra pressure loss (energy 
loss) is caused in a flow distribution valve portion on the 
boom side when the boom is operated simultaneously 
with the upper swing body. If the hydraulic circuit system 
includes a horsepower control function associated with 
the hydraulic pump, a pump delivery rate is reduced 
with an increase in the delivery pressure of the hydraulic 
pump. Unlike the case of moving an object vertically 
(i.e., the case where an object cannot be moved by a 
force less than the weight of the object), a load on the 
swing side corresponds to the case of moving an object 
on a horizontal plane. In this case, therefore, the load 
can be moved by a force greater than a frictional force 
between the object and the plane. In other words, 
though slowly accelerated, the upper swing body can be 
moved with the driving pressure in the boom side. To 
this end, it is desired that the pressure in the boom side 
be detected during the combined operation without 
detecting the pressure in the swing side. 
[0007] In the hydraulic circuit system shown in Fig. 
3 of the above-cited JRC 2721383, the above-described 
function is achieved by operating the on/off valve, which 
is disposed in the branch hydraulic line for detecting the 
load pressure on the swing side, by the pilot pressure 
signal for the boom-raising operation so that the load 
pressure of the swing motor is not detected. The energy 
consumption and the working speed are thereby 
improved. In the disclosed prior art, however, it is 
required to provide a branch hydraulic line dedicated for 
detecting the load pressure, and to arrange the check 
valve in the branch hydraulic line. This raises a problem 
that a portion for detecting the maximum load pressure 
is complicated and the number of parts is increased, 
thus resulting in a higher cost 

[0008] With the control valve disclosed in the 
above-cited PCT Laid-Open Publication WO98/31940, 
as described above, a portion for detecting the load 
pressure is simplified by forming the load-pressure 
detecting hydraulic line of the control valve as the inter- 
nal passage (hydraulic line slit) of the flow distribution 
valve, and utilizing the internal passage to provide the 
check valve function. The above-described problem that 
the portion for detecting the load pressure is compli- 
cated can therefore be overcome by employing the dis- 
closed control valve in the hydraulic circuit system 
shown in Fig. 3 of the above-cited JP.C 2721383. In the 



case of forming the load-pressure detecting hydraulic 
line as the internal passage (hydraulic line slit) of the 
flow distribution valve and utilizing the internal passage 
to provide the check valve function, however, employing 

5 the arrangement of the disclosed hydraulic circuit sys- 
tem, i.e., providing the on/off valve to cut off the load 
pressure of the swing motor and detecting, as the signal 
pressure, the load pressure of the boom-raising opera- 
tion on the lower pressure side during the combined 

70 operation of swing and boom-raising, implies not only 
that the load pressure of the swing motor is cut off (not 
detected), but also that the signal pressure (load pres- 
sure of another actuator) in the signal transmitting 
hydraulic line cannot be introduced to the control cham- 

75 ber of the flow distribution valve. Thus, the flow distribut- 
ing function cannot be developed. 
[0009] A first object of the present invention is to 
provide a hydraulic circuit system capable of detecting a 
pressure on the lower load pressure side, as a signal 

20 pressure, without cutting off a load-pressure detecting 
hydraulic line on the higher load pressure side during a 
combined operation in which an inertial body is driven. 
[001 0] A second object of the present invention is to 
provide a hydraulic circuit system capable of detecting a 

25 pressure on the lower load pressure side, as a signal 
pressure, during a combined operation in which an iner- 
tial body is driven, and capable of simplifying a portion 
for detecting a load pressure without impairing the flow 
distributing function. 

30 

(1 )To achieve the above first and second object, the 
present invention provides a hydraulic circuit sys- 
tem comprising a hydraulic pump, a plurality of 
hydraulic actuators driven by a hydraulic fluid deliv- 

35 ered from the hydraulic pump, a plurality of control 
valves disposed between the hydraulic pump and 
the plurality of actuators, a signal transmitting 
hydraulic line to which a signal pressure based on a 
maximum load pressure among the plurality of 

40 hydraulic actuators is introduced, and pump control 

means for controlling a delivery pressure of the 
hydraulic pump to be held higher than the signal 
pressure by a predetermined value, the plurality of 
control valves comprising respectively main valves 

45 including meter-in variable throttles for controlling 

flow rates of the hydraulic fluid supplied to the 
hydraulic actuators, and flow distribution valves dis- 
posed between the meter-in variable throttles and 
the actuators, each of the flow distribution valves 

so including a valve body which has one end posi- 
tioned on the inlet side of the flow distribution valve 
connected to the meter-in variable throttle and the 
other end positioned in a control chamber, the valve 
body being moved through a stroke depending on 

55 balance between a pressure in the control chamber 
and a pressure in the inlet side to control the pres- 
sure in the inlet side, thereby controlling a differen- 
tial pressure across the meter-in variable throttle, 
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wherein the hydraulic circuit system further com- 
prises a load-pressure detecting hydraulic line pro- 
vided in each of the plurality of control valves, the 
load-pressure detecting hydraulic line including a 
first hydraulic line with a check valve function, which 5 
is branched from a point between the meter-in vari- 
able throttle and the hydraulic actuator for detecting 
a pressure at the branched point, and is connected 
to the control chamber of the flow distribution valve, 
and a second hydraulic line for connecting the con- w 
trol chamber to the signal transmitting hydraulic 
line, the first hydraulic line with the check valve 
function including a valve body passage, which is 
formed in a valve body of the flow distribution valve 
and has one end being opened to one of the inlet 75 

side and the outlet side of the flow distribution valve 

and the other end being opened to an outer periph- 
ery of the valve body, and a lap portion located 
between the other end of the valve body passage 
and the control chamber and making the other end 20 
of the valve body passage opened to the control 
chamber when the valve body of the flow distribu- 
tion valve is moved through a stroke of a predeter- 
mined distance in the valve opening direction; a 
selector valve provided in the second hydraulic line 25 
of the load-pressure detecting hydraulic line in a 
first particular control valve of the plurality of control 
valves; and a third hydraulic line connected to the 
outlet side of the flow distribution valve in a second 
particular control valve of the plurality of control 30 
valves, the selector valve having a first position at 
which only a portion of the second hydraulic line on 
the side of the control chamber is connected to the 
signal transmitting hydraulic line, and a second 
position at which the portion of the second hydraulic 35 
line on the side of the control chamber is connected 
to both the signal transmitting hydraulic line and the 
third hydraulic line. 

Thus, the selector valve is disposed in the sec- 
ond hydraulic line of the load-pressure detecting 40 
hydraulic line for the first particular control valve, 
the second hydraulic line connecting the control 
chamber and the signal transmitting hydraulic line 
to each other. The selector valve has the second 
position at which the portion of the second hydraulic 45 
line on the side of the control chamber is connected 
to both the signal transmitting hydraulic line and the 
third hydraulic line which is connected to the outlet 
side of the flow distribution valve in the second par- 
ticular control valve. When the selector valve is so 
shifted to the second position during a combined 
operation (e.g., combined operation of swing and 
boom-raising) in which hydraulic actuators associ- 
ated with the first and control valves are driven 
simultaneously such that the first particular control 55 
valve is on the side driving an inertial body (e.g., the 
swing side) and the second particular control valve 
is on the lower load pressure side (e.g., the boom- 



raising side), the signal transmitting hydraulic line is 
opened to the outlet side of the flow distribution 
valve in the second particular control valve as well 
during the combined operation. Therefore, the 
pressure in the outlet side of the flow distribution 
valve in the second particular control valve on the 
lower load pressure side is detected as the signal 
pressure by the signal transmitting hydraulic line. 

When the pressure on the lower load pressure 
side is detected by the signal transmitting hydraulic 
line, the pump control means is operated so as to 
compensate the detected pressure, and the deliv- 
ery pressure of the hydraulic pump is controlled to 
be kept higher than the pressure on the lower load 
pressure side. Accordingly, the flow distribution 
valve in the second particular control valve does not 
develop a throttling operation, and can prevent an 
extra pressure loss (energy loss) from being pro- 
duced therein. Further, even when the pump control 
means includes a horsepower control function, a 
pump delivery rate is not reduced. As a result, the 
hydraulic fluid can be supplied to the side of the 
second particular control valve at a sufficient flow 
rate and good operability can be obtained in the 
combined operation. 

Also, since the first hydraulic line with the check 
valve function is constituted as the valve body pas- 
sage of the flow distribution valve and the valve 
body passage is utilized to provide the check valve 
function, a portion for detecting a load pressure of 
the control valve can be simplified. 

In the case of constituting the first hydraulic line 
with the check valve function by utilizing the valve 
body passage of the flow distribution valve, cutting 
off the second hydraulic line, which connects the 
control chamber to the signal transmitting hydraulic 
line, implies not only that the pressure in the second 
hydraulic line is not detected, but also that the sig- 
nal pressure in the signal transmitting hydraulic line 
(pressure of another actuator) is not introduced to 
the control chamber. Thus, the flow distributing 
function is not developed. With the present inven- 
tion, the same function as resulted from not detect- 
ing the pressure on the side of the first particular 
control valve (pressure on the higher pressure side) 
is provided by, rather than cutting off the hydraulic 
line, connecting the control chamber to both the sig- 
nal transmitting hydraulic line and the third hydrau- 
lic line (outlet side of the flow distribution valve in 
the second particular control valve). Therefore, a 
function of introducing the pressure on the side of 
the second particular control valve (pressure on the 
lower pressure side; signal pressure) to the control 
chamber on the side of the first particular control 
valve is maintained and the flow distributing func- 
tion is not impaired. 

(2)ln above (1), preferably, the plurality of control 
valves further comprise respectively hold check 
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valves disposed between the flow distribution 
valves and the hydraulic actuators, and the first 
hydraulic line with the check valve function is 
branched from a point between the meter-in varia- 
ble throttle and each of the hold check valves to 5 
detect a pressure at the branched paint 

With those features, even when the load pres- 
sure of the hydraulic actuator is increased beyond 
the pressure at the meter-in variable throttle of the 
main valve, the load pressure is held by the hold 10 
check valve and the hydraulic fluid is avoided from 
reversely flowing into a reservoir via the load-pres- 
sure detecting hydraulic line and the signal detect- 
ing hydraulic line. 

(3) ln above (1) or (2), preferably, the plurality of is 
control valves each include a hydraulic line slit 
formed in the outer periphery of the valve body of 

the flow distribution valve and opened at one end to 
the outlet side of the flow distribution valve, the 
hydraulic line slit constituting the valve body pas- 20 
sage. 

Those features provide the valve body passage 
as a part of the first hydraulic line with the check 
valve function. 

(4) ln above (1), the hydraulic circuit system further 25 
comprises means for producing a first signal when 

the first and second particular control valves are 
both operated, and the selector valve is shifted from 
the first position to the second position by the first 
signal. 30 

With those features, as mentioned in connec- 
tion with above (1 ), the selector valve is operated so 
as to connect the control chamber to both the signal 
transmitting hydraulic line and the third hydraulic 
line, whereupon the pressure in the outlet side of 35 
the flow distribution valve in the second particular 
control valve on the lower load pressure side is 
detected as the signal pressure by the signal trans- 
mitting hydraulic line. 

(5) ln above (1 ), the hydraulic circuit system further 40 
comprises a check valve disposed in the third 
hydraulic line and allowing the hydraulic fluid to flow 
only in a direction toward the flow distribution valve 

of the second particular control valve from the 
selector valve. 45 

With those features, when load pressures are 
reversed in magnitude during the combined opera- 
tion such that the second particular control valve 
becomes the side providing a higher load pressure, 
the higher load pressure is detected as the signal so 
pressure by the signal transmitting hydraulic line. 
As a result, the hydraulic actuator on the side of the 
second particular control valve can be positively 
driven. 

(6) In above (5), the check valve is a pilot check 55 
capable of being selectively opened. 

With that feature, when the hydraulic actuator 
on the side of the second particular control valve 



reaches its stroke end, the pilot check is opened so 
that the signal pressure in the signal transmitting 
hydraulic line is given by the pressure on the side of 
the first particular control valve. This feature con- 
tributes to providing a more appropriate working 
speed and reducing an energy loss. 
(7)ln above (6), the hydraulic circuit system further 
comprises means for producing a second signal 
when the hydraulic actuator associated with the 
second particular control valve reaches a stroke 
end, and the pilot check is opened by the second 
signal. 

With those features, as mentioned in connec- 
tion with above (6), when the hydraulic actuator on 
the side of the second particular control valve 
reaches its stroke end, the pilot check is operated to 
be open and the signal pressure in the signal trans- 
mitting hydraulic line is given by the pressure on the 
side of the first particular control valve. (8)Further, 
to achieve the above object, the present invention 
provides a hydraulic circuit system comprising a 
hydraulic pump, a plurality of hydraulic actuators 
driven by a hydraulic fluid delivered from the 
hydraulic pump, a plurality of control valves dis- 
posed between the hydraulic pump and the plurality 
of actuators, a signal transmitting hydraulic line to 
which a signal pressure based on a maximum load 
pressure among the plurality of hydraulic actuators 
is introduced, and pump control means for control- 
ling a delivery pressure of the hydraulic pump to be 
held higher than the signal pressure by a predeter- 
mined value, the plurality of control valves compris- 
ing respectively main valves including meter-in 
variable throttles for controlling flow rates of the 
hydraulic fluid supplied to the hydraulic actuators, 
and flow distribution valves disposed between the 
meter-in variable throttles and the actuators, each 
of the flow distribution valves including a valve body 
which has one end positioned on the inlet side of 
the flow distribution valve connected to the meter-in 
variable throttle and the other end positioned in a 
control chamber, the valve body being moved 
through a stroke depending on balance between a 
pressure in the control chamber and a pressure in 
the inlet side to control the pressure in the inlet side, 
thereby controlling a differential pressure across 
the meter-in variable throttle, wherein the hydraulic 
circuit system further comprises a load-pressure 
detecting hydraulic line provided in each of the plu- 
rality of control valves, the load-pressure detecting 
hydraulic line including a first hydraulic line with a 
check valve function, which is branched from a 
point between the meter-in variable throttle and the 
hydraulic actuator for detecting a pressure at the 
branched point, and is connected to the control 
chamber of the flow distribution valve, and a second 
hydraulic line for connecting the control chamber to 
the signal transmitting hydraulic line; a selector 
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valve provided in the second hydraulic line of the 
load-pressure detecting hydraulic line in a first par- 
ticular control valve of the plurality of control valves; 
and a third hydraulic line connected to the outlet 
side of the flow distribution valve in a second partic- 
ular control valve of the plurality of control valves, 
the selector valve having a first position at which 
only a portion of the second hydraulic line on the 
side of the control chamber is connected to the sig- 
nal transmitting hydraulic line, and a second posi- 
tion at which the portion of the second hydraulic line 
on the side of the control chamber is connected to 
both the signal transmitting hydraulic line and the 
third hydraulic line. 

With those features, as mentioned in connec- 
tion with above. (1). during, a combined operation 
including driving of an inertial body, a pressure on 
the lower load pressure side can be detected as the 
signal pressure without cutting off the load-pres- 
sure detecting hydraulic line on the higher load 
pressure side. Therefore, an extra pressure loss 
(energy loss) can be prevented from being pro- 
duced in a flow distribution valve portion and good 
operability can be obtained in the combined opera- 
tion. 

Brief Description of the Drawings 
[0011] 

Fig. 1 is a diagram showing a hydraulic circuit sys- 
tem according to a first embodiment of the present 
invention. 

Fig. 2 shows a function of a main valve portion of a 

control valve using hydraulic symbols. 

Fig. 3 is a graph showing a characteristic of a PQ 

valve. 

Fig. 4 is a diagram showing an equivalent circuit for 
explaining a function of the control valve shown in 
Fig. 1. 

Fig. 5 shows an appearance of a hydraulic excava- 
tor in which the hydraulic circuit system of the 
present invention is equipped. 
Fig. 6 is a diagram showing principal part of a 
hydraulic circuit system according to a second 
embodiment of the present invention. 
Fig. 7 is a diagram showing a hydraulic circuit sys- 
tem according to a third embodiment of the present 
invention. 

Fig. B is a diagram showing an equivalent circuit for 
explaining a function of a control valve shown in 
Fig. 7. 

Fig. 9 shows another example of pump control 
means of a load sensing system. 

Best Mode for Carrying Out the Invention 

[0012] Embodiments of the present invention will be 



described below with reference to the drawings. 
[0013] Initially, a hydraulic circuit system according 
to a first embodiment of the present invention will be 
described with reference to Figs. 1 to 4. 

5 [0014] In Fig. 1, the hydraulic circuit system of this 
embodiment comprises a variable displacement 
hydraulic pump 1, a horsepower control valve (referred 
to as a PQ valve hereinafter) 12 for controlling a tilting of 
the hydraulic pump 1 depending on consumed horse- 

10 power, and an LS-control bleed valve 2 for bleeding a 
hydraulic fluid delivered from the hydraulic pump 1 to a 
reservoir T depending on a difference between a deliv- 
ery pressure of the hydraulic pump 1 and a signal pres- 
sure Pc (described later) based on a maximum load 

15 pressure. 

[0015] The hydraulic fluid delivered from the 
hydraulic pump 1 is supplied to a plurality of hydraulic 
actuators 3-1, 3-2. Between the hydraulic pump 1 and 
the hydraulic actuators 3-1 , 3-2, there are respectively 

20 disposed control valves 4-1, 4-2 including spool-type 
main valves 4a- 1 , 4a-2 each of which has a meter-in 
variable throttle M/i and a meter-out variable throttle 
M/O as shown in Fig. 2. By operating the main valves 
4a-1 , 4a-2 to shift in position, the directions of flow and 

25 the flow rates in and by which the hydraulic fluid is sup- 
plied to hydraulic actuators 3-1 , 3-2 are controlled. 
[0016] Also, in this embodiment, the hydraulic actu- 
ator 3-1 is a hydraulic motor (swing motor) for turning an 
upper swing body of a hydraulic excavator, and the 

30 hydraulic actuator 3-2 is a hydraulic cylinder (boom cyl- 
inder) for moving a boom of the hydraulic excavator up 
and down. While only two actuators are shown in this 
embodiment, it is a matter of course that the number of 
actuators usable is not limited to two. For convenience 

35 of illustration, Fig. 1 shows the meter-in variable throttle 
M/I and the meter-out variable throttle M/O, which are 
only associated with one shift position of each of the 
main valves 4a-1, 4a-2, in a manner separated into the 
meter-in side and the meter-out side. The throttles M/I 

40 and M/O of the main valve 4a-1 correspond to the shift 
position for turning the swing body to the right or left, 
and the throttles M/I and M/O of the main valve 4a-2 cor- 
respond to the shift position for raising the boom (i.e., for 
operating the boom cylinder 3-2 in the direction of 

45 extension thereof). 

[0017] In addition to the main valves 4a-1, 4a-2 
each having the meter-in variable throttle M/I and the 
meter-out variable throttle M/O, the control valves 4-1, 
4-2 incorporate therein flow distribution valves 5-1 , 5-2 

so for achieving the combined operation and hold check 
valves 6-1, 6-2, respectively. 

[0018] In the control valve 4-1 , the flow distribution 
valve 5-1 and the hold check valve 6-1 are disposed 
between the meter-in variable throttle M/I and the 
55 hydraulic actuator 3-1 . The flow distribution valve 5-1 is 
disposed between the meter-in variable throttle M/I and 
the hold check valve 6-1. 

[0019] Further, the flow distribution valve 5-1 has a 
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valve body 50 that is moved through its stroke within a 
housing to change an opening area between an inlet 
passage 5a and an outlet passage 5b. A control cham- 
ber 70 is formed behind the valve body 50. The valve 
body 50 has a valve-opening-direction acting end (pres- 
sure bearing sector) positioned in the inlet passage 5a 
and a valve-closing-direction acting end (pressure bear- 
ing sector) positioned in the control chamber 70. The 
valve body 50 is moved through its stroke depending on 
balance between a pressure in the control chamber 70 
and a pressure in the inlet passage 5a to make control 
such that the pressure in the inlet passage 5a is kept 
equal to the pressure in the control chamber 70. A dif- 
ferential pressure across the meter-in variable throttle 
M/l of the main valve 4a-1 is thereby controlled. 
[0020] Moreover, a hydraulic line slit 20 is formed in 
an outer periphery of the valve body 50 and is opened 
to the outlet passage 5b. An end portion 20a of the 
hydraulic line slit 20 on the side nearer to the control 
chamber 70 is not opened to an end of the valve body 
50 so that, when the valve body 50 is in the closed posi- 
tion as shown, a lap portion 32 having a lap amount X is 
formed between the hydraulic line slit 20 and the control 
chamber 70 to cut off communication therebetween. 
When the valve body 50 is moved through its stroke 
from the shown closed position in excess of the lap 
amount X, the hydraulic line slit 20 is opened to the con- 
trol chamber 70. In other words, the lap portion 32 func- 
tions as a dead zone in the operation of the valve body 
50. The control chamber 70 is connected to a signal 
transmitting hydraulic line 9 through a hydraulic line 31- 
1 , and a 2-position, 3-way valve 1 1 , which is a feature of 
the present invention, is disposed in the hydraulic line 
31-1- 

[0021] In the above arrangement, the hydraulic line 
slit 20 and the lap portion 32 constitute a first hydraulic 
line with a check valve function, which is branched from 
a point between the meter-in variable throttle M/l and 
the hydraulic actuator 3-1 and detects a pressure at the 
branched point, and which is connected to the control 
chamber 70 of the flow distribution valve 5-1. The 
hydraulic line 31-1 constitutes a second hydraulic line 
for connecting the control chamber 70 to the signal 
transmitting hydraulic line. Also, in this embodiment 
including the hold check valves 6-1 and 6-2, the first 
hydraulic line with the check valve function (i.e., the 
hydraulic line slit 20 and the lap portion 32) is branched 
from a point between the meter-in variable throttle M/l 
and the hold check valve 6-1, more precisely, between 
the flow distribution valve 5-1 and the hold check valve 
6-1 , and detects a pressure at the branched point. Fur- 
ther, when the 2-position, 3-way valve 11 is in a position 
I (described later), the lap portion 32 effects a check 
valve function for allowing the load pressure to be 
detected only when the load pressure of the associated 
hydraulic actuator 3-1 is a maximum one (as described 
later). 

[0022] A larger diameter portion 50a is formed at an 



end of the valve body 50 of the flow distribution valve 5- 
1 on the side of the inlet passage 5a so that a pressure 
bearing area Ai of the valve body 50 on the side of the 
inlet passage 5a and a pressure bearing area Ac 

5 thereof on the side of the control chamber 70 satisfies a 
relationship of Ai > Ac. This arrangement reduces the 
influence of a flow force acting upon the valve body 50. 
[0023] The control valve 4-2 on the side of the 
hydraulic actuator 3-2 includes the flow distribution 

io valve 5-2 that is constructed similarly to the above- 
described flow distribution valve 5-1 of the control valve 
4-1. In Fig. 1, identical components of the control valve 

4- 2 to those of the control valve 4-1 are denoted by the 
same main numerals added with the sub-numeral 2 in 

is place of 1 and a description thereof is omitted here. 
However, a 2-position, 3-way valve is not disposed in a 
hydraulic line 31-2. In addition, a lower-pressure detect- 
ing hydraulic line 35 is connected, as a third hydraulic 
line, to an outlet passage 5b of the flow distribution 

20 valve 5-2 of the control valve 4-2, and a check valve 36 
is disposed in the lower-pressure detecting hydraulic 
line 35. The check valve 36 blocks off a flow of the 
hydraulic fluid from the side of the flow distribution valve 

5- 2 when the load pressure of the hydraulic actuator 3- 
25 2 is higher than the load pressure of the hydraulic actu- 
ator 3-1 . 

[0024] The 2-position, 3-way valve 11 disposed in 
the control valve 4-1 on the side of the hydraulic actua- 
tor 3-1 has one inlet port 1 1 a and two outlet ports 1 1 b, 

30 11c. The inlet port 1 1 a is connected to a portion of the 
hydraulic line 31-1 on the side nearer to the control 
chamber 70. One outlet port 11b is connected to the 
signal detecting hydraulic 9, and the other outlet port 
11c is connected to the outlet passage 5b of the flow 

35 distribution valve of the control valve 4-2 on the side of 
the hydraulic actuator 3-2 via the lower-pressure detect- 
ing hydraulic line 35. 

[0025] Furthermore, the 2-position, 3-way valve 1 1 
has a hydraulically operating sector lid to which a 

40 hydraulic signal is introduced as an external signal F. 
When the external signal F is not applied, the 2-position, 
3-way valve 11 is in a position I, and when the external 
signal F is applied to the hydraulically operating sector 
11d, the 2-position, 3-way valve 11 is shifted to a posi- 

45 tion II. When the 2-position, 3-way valve 11 is in the 
position I, the inlet port 11a is connected to the outlet 
port 11b only, causing the control chamber 70 of the 
flow distribution valve 5-1 to be connected to only the 
signal transmitting hydraulic line 9. When the 2-position, 

so 3-way valve 11 is in the position II, the inlet port 1 1a is 
connected to both the outlet ports 1 1 b and 11c, causing 
the control chamber 70 to be connected to both the sig- 
nal transmitting hydraulic line 9 and the lower-pressure 
detecting hydraulic line 35. 

55 [0026] The main valves 4a-1, 4a-2 of the control 
valves 4-1, 4-2 are operated respectively by remote 
control valves 41-1, 41-2, and the external signal F is 
produced using output pressures of the remote control 
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valves 41-1 , 41-2. More specifically, the remote control 
valves 41 -1 , 41 -2 produce pilot pressures depending on 
amounts, by which those valves are operated, by utiliz- 
ing a pressure of a pilot hydraulic fluid source 40 as a 
source pressure. The pilot pressure produced by the 5 
remote control valve 41-1 is introduced to the throttles 
M/l and M/O of the main valve 4a-1 via. a pilot hydraulic 
line 43-1 , and the pilot pressure produced by the remote 
control valve 41-2 is introduced to the throttles M/l and 
M/O of the main valve 4a-2 via a pilot hydraulic line 43- 10 
2. The pilot pressure in the pilot hydraulic line 43-1 is 
used in turning the upper swing body to the right or left, 
and the pilot pressure in the pilot hydraulic line 43-2 is 
used in raising the boom. 

[0027] An AND circuit 42 comprising a valve group 15 

of elector valves 42-1 . 42-2 are disposed in a branch 

hydraulic line 44 branched from the hydraulic fluid 
source 40. Operating sectors of the selector valves 42- 
1 , 42-2 are connected respectively to the pilot hydraulic 
lines 43-1 , 43-2. When both the remote control valves 20 
41 -1 , 41 -2 are operated and the pilot pressures are pro- 
duced in both the pilot hydraulic lines 43-1, 43-2, the 
selector valves 42-1, 42-2 are both shifted from the 
positions shown, whereby the pressure of the pilot 
hydraulic fluid source 40 is outputted as the external 25 
signal F. 

[0028] The PQ valve 12 functions to control a tilting 
of the hydraulic pump 1 so that the product (horse- 
power) of a delivery pressure P1 of the hydraulic pump 
1 and a delivery rate Q of the hydraulic pump 1 is held 30 
constant With the provision of the PQ valve 12, as indi- 
cated by a curve H in Rg. 3, the delivery rate Q of the 
hydraulic pump 1 is controlled so as to reduce with an 
increase in the delivery pressure P1 of the hydraulic 
pump 1 . 35 
[0029] The bleed valve 2 comprises a valve body 
2a, a spring chamber 2b in which a valve-closing-direc- 
tion acting end of the valve body 2a is positioned, and a 
spring 2c disposed in the spring chamber 2b for biasing 
the valve body 2a in the valve closing direction. The 40 
spring chamber 2b is connected to the signal transmit- 
ting hydraulic line 9 through a throttle 15 for introducing 
the signal pressure detected in the signal transmitting 
hydraulic line 9 to the spring chamber 2b. Assuming that 
the delivery pressure of the hydraulic pump 1 is PI and 45 
the signal pressure in the signal transmitting hydraulic 
line 9 is Pc, the bleed valve 2 functions such that, when 
a difference between P1 and Pc exceeds a differential 
pressure APL set by the spring 2c, an extra flow from 
the hydraulic pump 1 is returned to the reservoir T. This so 
implies that the extra flow is returned to the reservoir T 
when a differential pressure created depending on the 
flow rate of the hydraulic fluid passing each of the con- 
trol valves 4-1 , 4-2, i.e., a differential pressure between 
the inlet pressure (= P1 ) of the meter-in variable throttle 55 
M/l and the signal pressure Pc in the signal transmitting 
hydraulic line 9, exceeds APL 

[0030] Numeral 21 denotes a main relief valve for 



protecting the main circuit, and 22 denotes an auxiliary 
relief valve for protecting the signal circuit. 
[0031 ] Fig. 4 shows an equivalent circuit for explain- 
ing the load-pressure detecting function of the control 
valves 4-1 , 4-2. 

[0032] In Fig. 4, a load-pressure detecting hydraulic 
line 7-1 is branched from a hydraulic line 30-1 between 
the outlet passage 5b of the flow distribution valve 5-1 
and the hold check valve 6-1 in the control valve 4-1, 
and is connected to the signal transmitting hydraulic line 
9. Also, a control hydraulic line 10-1 is branched from 
the load-pressure detecting hydraulic line 7-1 and con- 
nected to the control chamber 70. A check valve 8-1 
allowing the hydraulic fluid to flow only in a direction 
toward the signal transmitting hydraulic line 9 from the 
hydraulic line 30-1 is provided in a hydraulic line portion 
7a of the load-pressure detecting hydraulic line 7-1 
between a branched point from the hydraulic line 30-1 
and a branched point to the control hydraulic line 10-1. 
The 2-position, 3-way valve 1 1 is disposed in a hydraulic 
line portion 7b of the load-pressure detecting hydraulic 
line 7-1 between the branched point to the control 
hydraulic line 10-1 and the signal transmitting hydraulic 
line 9. 

[0033] In the control valve 4-1 shown in Fig. 1, the 
hydraulic line slit 20 corresponds to the hydraulic line 
portion 7a of the load-pressure detecting hydraulic line 
7-1 , the hydraulic line 31 -1 corresponds to the hydraulic 
line portion 7b of the load-pressure detecting hydraulic 
line 7-1, and the lap portion 32 corresponds to the 
check valve 8-1 and the control hydraulic line 10-1. 
Thus, in the case of the 2-position, 3-way valve 1 1 being 
in the position I (described later), when the load pres- 
sure of the associated hydraulic actuator 3-1 is a maxi- 
mum one (as described later), that load pressure is 
introduced to the control chamber 70 from a portion 
between the flow distribution valve 5-1 and the hold 
check valve 6-1 through the hydraulic line slit 20 (the 
hydraulic line portion 7a in Fig. 4). The load pressure 
introduced to the control chamber 70 is further intro- 
duced to the signal transmitting hydraulic line 9 through 
the hydraulic fine 31-1 (the hydraulic line portion 7b in 
Fig. 4). 

[0034] The load-pressure detecting function on the 
side of the control valve 4-2 is essentially the same as 
that of the control valve 4-2 except for that a 2-position, 
3-way valve is not provided. 

[0035] In the control valves 4-1 , 4-2 of this embodi- 
ment, as described above, the load-pressure detecting 
hydraulic lines each provided with the check valve func- 
tion are incorporated as respective internal passages of 
the flow distribution valves 5-1 , 5-2. 
[0036] Fig. 5 shows an appearance of a hydraulic 
excavator in which the hydraulic circuit system of this 
embodiment is equipped. 

[0037] In Fig. 5, numeral 80 denotes a hydraulic 
excavator. The hydraulic excavator 80 comprises a 
lower track structure 81, an upper swing body 82 turning 
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on the lower track structure 81, and a front device 83 
provided on the upper swing body 82. The front device 
83 comprises a boom 83a mounted to the upper swing 
body 82 to be able to move in the vertical direction, an 
arm 83b coupled to a fore end of the boom 83a to be 
able to move in the vertical and back-to-forth directions, 
and a bucket 83c coupled to a fore end of the arm 83b 
to be able to move in the vertical and back-to-forth direc- 
tions. The upper swing body 82 is driven for swing by 
the hydraulic actuator (swing motor) 3-1 shown in Fig. 1 , 
and the boom B3a is driven for rotating in the vertical 
direction by the hydraulic actuator (boom cylinder) 3-2. 
[0038] The operation of the hydraulic circuit system 
of this embodiment, which is equipped in the hydraulic 
excavator thus constructed, will be described below. 
[0039] A description is first made of the sole opera- 
tion of the hydraulic actuator (swing motor) 3-1 . 
[0040] In the sole operation of the hydraulic actua- 
tor 3-1, only the remote control valve 41-1 is operated 
and the external signal F is not applied to the 2-position, 
3-way valve 11. Therefore, the 2-position, 3-way valve 
1 1 is in the position I. Upon an operation of the remote 
control valve 41-1, the meter-in variable throttle M/l of 
the main valve 4-1 is opened and the hydraulic fluid 
delivered from the hydraulic pump 1 is supplied to the 
hydraulic actuator 3-1 via the meter-in variable throttle 
M/l and the flow distribution valve 5-1 . At this time, the 
valve body 50 of the flow distribution valve 5-1 is opened 
by being moved upward as viewed in the drawing, caus- 
ing the hydraulic line slit 20 to be opened to the control 
chamber 70. Therefore, the load pressure of the hydrau- 
lic actuator 3-1 is detected by the hydraulic line slit 20, 
the control chamber 70 and the hydraulic line 30-1 (the 
load-pressure detecting hydraulic line 7-1 in Fig. 4). The 
detected load pressure is introduced, as the signal pres- 
sure Pc, to the signal transmitting hydraulic line 9. The 
signal pressure Pc is then introduced to the spring 
chamber 2b of the bleed valve 2, which controls the 
delivery pressure PI of the hydraulic pump 1 so as to be 
kept higher than the signal pressure Pc by the setting 
value APL of the spring 2c. 

[0041] Assuming now that the pressure in the inlet 
passage 5a (also referred to as the inlet pressure here- 
inafter) of the flow distribution valve 5-1 is P2, the pres- 
sure in the outlet passage 5b (also referred to as the 
outlet pressure hereinafter) thereof is P3, and the pres- 
sure in the control chamber 70 (also referred to as the 
control pressure hereinafter) is P4, a pressure loss 
caused in the hold check valve 6-1 is very small and the 
outlet pressure P3 of the flow distribution valve 5-1 is 
almost equal to the load pressure of the hydraulic actu- 
ator 3-1. 

[0042] Next, a description is made of the combined 
operation of the hydraulic actuator (swing motor) 3-1 
and the hydraulic actuator (boom cylinder) 3-2, during 
which both the remote control valves 41-1, 41-2 are 
operated at the same time. 

[0043] Upon both the remote control valves 41-1, 



41-2 being operated at the same time, the AND circuit 
42 comprising the selector valves 42-1 , 42-2 outputs the 
external signal F, and the 2-position, 3-way valve 1 1 is 
shifted to the position II by the external signal F. When 

5 the 2-position, 3-way valve 11 is in the position II, the 
control chamber 70 is connected, as described above, 
to both the signal transmitting hydraulic line 9 and the 
lower-pressure detecting hydraulic fine 35, that is to say, 
to the output passage of the flow distribution valve 5-2 

io on the side of the hydraulic actuator 3-2 as well. 

[0044] Also, as described above, the hydraulic actu- 
ator 3-1 is the hydraulic motor (swing motor) for turning 
the upper swing body 82 of the hydraulic excavator, and 
the hydraulic actuator 3-2 is the hydraulic cylinder 

15 (boom cylinder) for moving the boom 83a of the hydrau- 
lic excavator in the vertical direction. The pilot pressure 
outputted to the pilot hydraulic line 43-1 from the remote 
control valve 41 -1 is used to turn the upper swing body 
to the right or left, and the pilot pressure outputted to the 

20 pilot hydraulic line 43-2 from the remote control valve 
41-2 is used to raise the boom. Accordingly, the above- 
mentioned combined operation is implemented as an 
operation of turning the upper swing body and raising 
the boom simultaneously. At the startup of the com- 

25 bined operation, the load pressure of the hydraulic actu- 
ator 3-1 (swing motor) is higher than the load pressure 
of the hydraulic actuator 3-2 (boom cylinder), thus 
resulting in that the hydraulic actuator 3-1 is on the 
higher load pressure side and the hydraulic actuator 3- 

30 2 is on the lower load pressure side. 

[0045] Let suppose the case where, in the com- 
bined operation of swing and boom-raising, if the 2-posi- 
tion, 3-way valve 1 1 is not provided in the hydraulic line 
31-1 (the hydraulic line portion 7b of the load-pressure 

35 detecting hydraulic line 7-1 in Fig. 4) (or if the valve 1 1 
is in the position I). Since the upper swing body 82 
driven by the hydraulic actuator 3-1 has large inertia 
and moves slowly, the flow rate of the hydraulic fluid 
passing through the meter-in variable throttle M/l of the 

40 main valve 4a-1 is small and the delivery pressure P1 of 
the hydraulic pump 1 is not so different from the inlet 
pressure P2 of the flow distribution valve 5-1 . Accord- 
ingly, the outlet pressure P3 of the flow distribution valve 
5-1 is almost equal to the inlet pressure P2 thereof and 

45 is detected as the signal pressure Pc in the signal trans- 
mitting hydraulic line 9. A value close to the inlet pres- 
sure P2 is detected as the signal pressure Pc under the 
condition that the flow rate is small and the signal trans- 
mitting hydraulic line 9 is closed by a throttle 14. Once 

so the pressure on the side of the hydraulic actuator 3-1 is 
detected, the bleed valve 2 is operated so as to com- 
pensate the detected pressure, and the delivery pres- 
sure of the hydraulic pump 1 rises up to the relief 
pressure of the relief valve 32 at once. In spite of that 

55 the hydraulic actuator 3-2 (boom cylinder) on the lower 
load pressure side can be operated with a lower pres- 
sure than the relief pressure, therefore, the flow distribu- 
tion valve 5-2 develops a throttling operation because of 
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the pump delivery pressure P1 being increased to a 
high level, and hence produces an extra pressure loss 
therein. Also, with the pump delivery pressure P1 
increased to a high level, the PQ valve 12 having the 
characteristic shown in Fig. 3 controls the hydraulic 
pump 1 to shift from an operating point (A) to an operat- 
ing point (B) in Fig. 3, whereby the delivery rate Q of the 
hydraulic pump 1 is reduced. As a result, in the work of 
loading excavated earth and sand on a dump truck by 
the combined operation of swing and boom-raising, the 
amount by which the boom is raised becomes insuffi- 
cient such that, when the upper swing body 82 has been 
turned 90 degrees, the bucket 83 at the fore end of the 
front device 83 cannot be raised up to a position higher 
than the level of a truck bed. 

[0046] !n this, embodiment, the . 2-posttion s 3-way 

valve 11 is provided in the hydraulic line 31-1 (the 
hydraulic line portion 7b of the load-pressure detecting 
hydraulic line 7-1 in Rg. 4), and the 2-position, 3-way 
valve 1 1 is shifted to the position II during the combined 
operation of swing and boom-raising so that the control 
chamber 70 is connected to both the signal transmitting 
hydraulic line 9 and the lower-pressure detecting 
hydraulic line 35. Therefore, the signal transmitting 
hydraulic line 9 is also opened to the outlet passage 5b 
of the flow distribution valve 5-2 on the side of the 
hydraulic actuator 3-2 via the lower-pressure detecting 
hydraulic iine 35 and the check valve 36, whereby the 
load pressure of the hydraulic actuator 3-2 on the lower 
load pressure side is detected, as the signal pressure 
Pc, by the signal transmitting hydraulic line 9. When the 
load pressure on the side of the hydraulic actuator 3-2 is 
detected, the bleed valve 2 is operated so as to com- 
pensate the detected pressure, and the delivery pres- 
sure P1 of the hydraulic pump 1 is controlled to be kept 
higher than the load pressure of the hydraulic actuator 
3-2 by the setting value APL. Accordingly, the flow distri- 
bution valve 5-2 does not develop a throttling operation, 
and can prevent an extra pressure loss from being pro- 
duced therein. Further, since a reduction in the pump 
delivery rate due to the action of the PQ valve 1 2 is sup- 
pressed, the hydraulic fluid can be supplied to the 
hydraulic actuator 3-2 at a required flow rate and the 
boom 83a can be raised in sufficient amount. 
[0047] Unlike the case of moving the boom 83a ver- 
tically by the boom cylinder 3-2 (i.e., the case where an 
object cannot be moved by a force less than the weight 
of the object), driving the upper swing body 82, which is 
a load of the swing motor 3-1 , corresponds to the case 
of moving an object on a horizontal plane. In this case, 
therefore, the upper swing body 82 can be moved by a 
force greater than a frictional force produced by the 
upper swing body 82. In other words, though slowly 
accelerated, the swing motor 3-1 can be moved with the 
driving pressure on the side of the boom cylinder 3-1. 
Thus, while the delivery pressure P1 of the hydraulic 
pump 1 is controlled to be kept higher than the load 
pressure of the hydraulic actuator 3-2 by the setting 



value APL, the hydraulic actuator 3-1 can turn the upper 
swing body 82 sufficiently with the pump delivery pres- 
sure so controlled. 

[0048] After the startup, when the upper swing body 

5 82 shifts to a steady state following an acceleration 
stage for swing, the load pressure of the hydraulic actu- 
ator 3-1 is reduced, and therefore the driving pressure 
of the hydraulic actuator 3-1 may be reduced midway 
before the hydraulic actuator 3-2 reaches its stroke end. 

10 In such an event, if the check valve 36 is not provided in 
the lower-pressure detecting hydraulic line 35, there 
would occur a risk that the load pressure of the hydrau- 
lic actuator 3-1 is detected as the signal pressure Pc by 
the signal transmitting hydraulic line 9 and the hydraulic 

15 actuator 3-2 cannot be driven any more. In this embod- 
iment, since the check valve 36 is provided in the lower- 
pressure detecting hydraulic line 35, the load pressure 
of the hydraulic actuator 3-1 is never detected as the 
signal pressure Pc by the signal transmitting hydraulic 

20 line 9 and the hydraulic actuator 3-2 can be positively 
driven. 

[0049] With this embodiment, as described above, 
during the combined operation of swing and boom-rais- 
ing, the load pressure of the hydraulic actuator 3-2 on 

25 the lower load pressure side is detected as the signal 
pressure, and the delivery pressure of the hydraulic 
pump 1 is controlled by the bleed valve 2 for driving the 
swing motor 3-1 and the boom cylinder 3-2. It is there- 
fore possible to prevent an extra pressure loss from 

30 being produced in the flow distribution valve 5-2 on the 
side of the boom cylinder 3-2, and to reduce an energy 
loss. Further, the boom 83a can be raised sufficiently 
and the operability is improved when the upper swing 
body is turned and the boom is raised at the same time. 

35 [0050] Also, during the combined operation of 
swing and boom-raising, when the load pressures of the 
swing motor 3-1 and the boom cylinder 3-2 are reversed 
in magnitude such that the boom cylinder 3-2 becomes 
the side providing a higher load pressure, the higher 

40 load pressure of the boom cylinder 3-2 is detected as 
the signal pressure by the signal transmitting hydraulic 
line 9. Accordingly, the boom cylinder 3-2 can be posi- 
tively driven. 

[0051] Further, with this embodiment, the load- 
45 pressure detecting hydraulic line of each control valve 
4-1 , 4-2 is formed as the internal passage (the hydraulic 
line slit 20) of the flow distribution valve 5-1 , 5-2, and the 
internal passage is utilized to provide the check valve 
function. Therefore, a dedicated hydraulic line and valve 
so element in the form of a check valve are no longer 
required, and the load-pressure detecting function can 
be realized with a simplified structure. 
[0052] The swing load pressure can be cut off by 
providing an on/off valve in the hydraulic line 31 -1 of the 
55 control valve 4-1 (the hydraulic line portion 7b of the 
load-pressure detecting hydraulic line 7-1 in Fig. 4) and 
closing the on/off valve during the combined operation. 
In this case, however, the signal pressure (the load 
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pressure of the boom cylinder 3-2) in the signal trans- 
mitting hydraulic line 9 cannot be introduced to the con- 
trol chamber 70 and the flow distributing function fails to 
develop. By contrast, in this embodiment, the 2-position, 
3-way valve 11 is provided in the hydraulic line 31-1 to 
provide the function of detecting the lower load pres- 
sure. As a result, the function of introducing the signal 
pressure in the signal transmitting hydraulic line 9 to the 
control chamber 70 is maintained and the flow distribut- 
ing function is not impaired. 

[0053] Moreover, the hydraulic line with the check 
valve function (the hydraulic line portion 7a of each 
load-pressure detecting hydraulic line 7-1 , 7-2 including 
the check valve 8-1, 8-2), which is constituted by the 
hydraulic line slit 20 and the lap portion 32, is branched 
from the hydraulic line 30-1, 30-2 between the flow dis- 
tribution valve 5-1, 5-2 and the hold check valve 6-1, 6- 
2 and detects a pressure in the hydraulic line 30-1 , 30-2 
as the load pressure. Therefore, even when the load 
pressure of each hydraulic actuator 3-1, 3-2 is 
increased beyond the pressure at the meter- in variable 
throttle M/l of the main valve 4a-1 , 4a-2, the load pres- 
sure is held by the hold check valve 6-1, 6-2 and the 
hydraulic fluid is avoided from reversely flowing into the 
reservoir T via the load-pressure detecting hydraulic 
line 7-1, 7-2, the signal detecting hydraulic line 9 and 
the throttle 14. 

[0054] A second embodiment of the present inven- 
tion will be described with reference to Fig. 6. The 
present invention is intended to improve the operation 
when the boom cylinder reaches its stroke end. 
[0055] in Fig. 6, an angle sensor 85 for detecting an 
angle of rotation of the boom B3a is provided at a base 
end serving as a fulcrum about which the boom 83a 
rotates, and a detection signal from the angle sensor 85 
is inputted to a controller 86. Based on the detection sig- 
nal from the angle sensor 85, the controller 86 deter- 
mines whether the hydraulic actuator 3-2 has reached 
the stroke end. If it is determined that the hydraulic actu- 
ator 3-2 has reached the stroke end, the controller 86 
outputs an electrical signal to a solenoid selector valve 
87. When the electrical signal is applied, the solenoid 
selector valve 87 is shifted to an open position, where- 
upon the pilot pressure of the pilot hydraulic source 40 
is outputted as an external signal Z to a pilot check valve 
36A. 

[0056] The pilot check valve 36A is provided, for 
example, in place of the check valve 36 shown in Fig. 1 , 
and is operated so as to open upon the external signal 
Z (pilot pressure) being applied from the solenoid selec- 
tor valve 87. 

[0057] In the work of loading excavated earth and 
sand on a dump truck by the combined operation of 
swing and boom-raising, when the angle of swing of the 
front device 83 from the position of excavation to a truck 
bed is large and the front device 83 must be turned 1 80 
degrees, for example, the hydraulic actuator 3-2 
reaches the stroke end midway the swing. In such a 



case, if the check valve 36 is provided in the lower-pres- 
sure detecting hydraulic line 35, the load pressure of the 
hydraulic actuator 3-2 having reached the stroke end is 
detected and a pressure set for the relief valve 22 dis- 

5 posed in the signal transmitting hydraulic line 9 
becomes the signal pressure Pc. In that case, however, 
the hydraulic actuator 3-2 has already reached the 
stroke end and no longer requires the hydraulic fluid. It 
is just required to supply the hydraulic fluid to the 

10 hydraulic actuator 3-1 only. 

[0058] In this embodiment, when the angle sensor 
86 and the controller 86 detect a condition that the 
hydraulic actuator 3-2 is in the vicinity of the stroke end, 
the solenoid selector valve 87 applies the pilot pressure, 

is as the external signal Z, to the pilot check valve 36A to 
open it, whereby the pressure in the signal transmitting 
hydraulic line 9 is given by the pressure on the side of 
the hydraulic actuator 3-1 . Thus, this embodiment con- 
tributes to providing a more appropriate working speed 

20 and reducing an energy loss. 

[0059] While the operation is continued using the 
load pressure on the side of the hydraulic actuator 3-1, 
the position of the hydraulic actuator 3-2 (boom posi- 
tion) is held by the hold check valve 6-2. 

25 [0060] Incidentally, the stroke end of the hydraulic 
actuator 3-2 may also be detected by, rather than the 
angle sensor, a stroke sensor or a pressure sensor for 
detecting the load pressure of the hydraulic actuator 3- 
2. 

30 [0061] A third embodiment of the present invention 
will be described with reference to Figs. 7 and 8. In this 
embodiment, the load pressure is detected at a different 
position. In Figs. 7 and 8, identical members to those in 
Figs. 1 and 4 are denoted by the same numerals. 

35 [0062] Referring to Fig. 7, a control valve 4B-1 in 
the third embodiment of the present invention includes a 
flow distribution valve 5B-1 . A valve body SOB of the flow 
distribution valve 5B-1 has an internal passage 20B 
which is formed therein and opened at one end to an 

40 inlet passage 5a. An opposite end portion 20a of the 
internal passage 20B is opened to an outer peripheral 
surface of the valve body 50B so that, when the valve 
body 50B is in the closed position as shown, a lap por- 
tion 32 having a lap amount X is formed between the 

45 open end portion 20a of the internal passage 20B and 
the control chamber 70 to cut off communication there- 
between. When the valve body 50B is moved through its 
stroke from the shown closed position in excess of the 
lap amount X, the internal passage 20B is opened to the 

so control chamber 70. Also in this case, the internal pas- 
sage 20B and the lap portion 32 constitute a first 
hydraulic line with a check valve function, which is 
branched from a point between the meter-in variable 
throttle M/l and the hydraulic actuator 3-1 and detects a 

55 pressure at the branched point, and which is connected 
to the control chamber 70 of the flow distribution valve 
5B-1. In this embodiment including the hold check 
valves 6-1 and 6-2, the first hydraulic line with the check 
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valve function (i.e., the hydraulic line slit 20 and the lap 
portion 32) is branched from a point between the meter- 
in variable throttle M/l and the hold check valve 6-1, 
more precisely, between the meter-in variable throttle 
M/l and the flow distribution valve 5-1 , and detects a 
pressure at the branched point. As with the first embod- 
iment, the 2-position, 3-way valve 11, which is a feature 
of the present invention, is disposed in the hydraulic line 
31-1. 

[0063] A flow distribution valve 5B-2 on the side of 
the control valve 4B-2 shown in Fig. 7 is constructed 
similarly to the above-described flow distribution valve 
5B-1. However, a 2-position, 3-way valve is not dis- 
posed in a hydraulic line 31-2. In addition, as with the 
first embodiment, a lower-pressure detecting hydraulic 
lins 35 is oonnectedi-^ »- third, hydraulic line, to an out- 
let passage 5b of the flow distribution valve 5B-2 and a 
check valve 36 is disposed in the lower-pressure detect- 
ing hydraulic line 35. 

[0064] Fig. 8 is an equivalent circuit, similar to that 
of Fig. 4, for explaining the load-pressure detecting 
function of the control valves 4B-1 , 4B-2. 
[0065] In Rg. 8, a load-pressure detecting hydraulic 
line 7B-1 is branched from a hydraulic line 29-1 between 
the meter-in variable throttle M/l of the main valve 4a-1 
in the control valve 4B-1 and the inlet passage 5a of the 
flow distribution valve 5B-1 , and is connected to the sig- 
nal transmitting hydraulic line 3. Also, a control hydraulic 
line 10-1 is branched from the load-pressure detecting 
hydraulic line 7B-1 and connected to the control cham- 
ber 70. A check valve 8-1 allowing the hydraulic fluid to 
flow only in a direction toward the signal transmitting 
hydraulic line 9 from the hydraulic line 20-1 is provided 
in a hydraulic line portion 7a of the load-pressure 
detecting hydraulic line 7B-1 on the inlet side thereof. 
The 2-position, 3-way valve 1 1 is disposed in a hydraulic 
line portion 7b of the load-pressure detecting hydraulic 
line 7B-1 between a branched point to the control 
hydraulic line 10-1 and the signal transmitting hydraulic 
line 9. 

[0066] In the control valve 4B-1 shown in Fig. 7, the 
internal passage 20B corresponds to the hydraulic line 
portion 7a of the load-pressure detecting hydraulic line 
7B-1, the hydraulic line 31 -1 corresponds to the hydrau- 
lic line portion 7b of the load-pressure detecting hydrau- 
lic line 7B-1, and the lap portion 32 corresponds to the 
check valve 8-1 and the control hydraulic line 10-1. 
Thus, in the case of the 2-position, 3-way valve 1 1 being 
in the position I, when the load pressure of the associ- 
ated hydraulic actuator 3-1 is a maximum one, that load 
pressure is introduced to the control chamber 70 from a 
portion between the meter-in variable throttle M/l and 
the flow distribution valve 5B-1 through the internal pas- 
sage 20B (the hydraulic line portion 7b in Fig. 8). The 
pressure introduced to the control chamber 70 is further 
introduced to the signal transmitting hydraulic line 9 
through the hydraulic line 31-1 (the hydraulic line por- 
tion 7b in Fig. 8). 



[0067] In the case of the 2-position, 3-way valve 1 1 
being in the position I, during the sole operation or when 
the load pressure of the associated hydraulic actuator is 
a maximum one during the combined operation, the 

5 flow distribution valve 5B-1 or 5B-2 is in the fully open 
state, and hence the pressure in the inlet passage 5a of 
the flow distribution valve 5B-1 or 5B-2 is almost equal 
to the pressure in the outlet passage 5b. Accordingly, 
the load pressure can be detected by the internal pas- 

70 sage 20B similarly to the first embodiment using the 
hydraulic line slit 20. 

[0068] The load-pressure detecting function on the 
side of the control valve 4-2B is essentially the same as 
that of the control valve 4B-2 except for that a 2-position, 
is 3-way valve is not provided. 

[0069] In the control valves 4B-1, 4B-2 of this 
embodiment, as described above, the load-pressure 
detecting hydraulic lines each provided with the check 
valve function are incorporated as respective internal 
20 passages of the flow distribution valves 5B-1 , 5B-2. 

[0070] Therefore, this embodiment can also provide 
similar advantages to those in the first embodiment 
[0071] While several embodiments of the present 
invention have been described above, those embodi- 
es ments can be modified in various manners within the 
scope of the spirit of the present invention. For example, 
in the above embodiments, the bleed 2 is employed as 
the purnp control means for the load sensing system. As 
shown in Rg. 9, however, a tilting controller 2A may be 
30 used to perform tilting control of a hydraulic pump 1 A so 
that the delivery pressure P1 of the hydraulic pump 1 is 
kept higher than the signal pressure Pc of the signal 
transmitting hydraulic line 9 by the setting value APL of 
the spring 2d. Similar advantages to those described 
35 above can also be obtained in the case where the 
present invention is applied to a hydraulic circuit system 
having such a load sensing system. 

Industrial Applicability 

40 

[0072] According to the present invention, during a 
combined operation including driving of an inertial body, 
a pressure on the lower load pressure side is detected 
as a signal pressure. In the combined operation of 

45 swing and boom-raising, for example, which is per- 
formed in the work of loading excavated earth and sand 
on a dump truck, it is therefore possible to prevent an 
extra pressure loss from being produced in a flow distri- 
bution valve portion of a second particular control valve, 

so and to reduce an energy loss. Further, a hydraulic fluid 
can be supplied to the side of the second particular con- 
trol valve at a sufficient flow rate and good operability 
can be obtained in the combined operation. 
[0073] Also, since a load-pressure detecting 

55 hydraulic line of each control valve is formed as an inter- 
nal passage (hydraulic line slit) of a flow distribution 
valve and the internal passage (hydraulic line slit) is uti- 
lized to provide a check valve function, a load-pressure 
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detecting function of the control valve can be realized 
with a simplified structure. 

[0074] Moreover, the same function as resulted 
from not detecting a pressure on the side of a first par- 
ticular control valve is provided by, rather than cutting off 5 
a hydraulic line, connecting a control chamber to both a 
signal transmitting hydraulic line and a lower-pressure 
detecting hydraulic line (outlet side of the flow distribu- 
tion valve in the second particular control valve). There- 
fore, a function of introducing a pressure on the side of 
the second particular control valve to the control cham- 
ber is maintained and the flow distributing function is not 
impaired. 

[0075] In addition, according to the present inven- 
tion, when load pressures are reversed in magnitude 
during the combined operation such that the second 
particular control valve becomes the side providing a 
higher load pressure, the higher load pressure is 
detected as a signal pressure by the signal transmitting 
hydraulic line. As a result, a hydraulic actuator on the 
side of the second particular control valve can be posi- 
tively driven. 

[0076] Further, according to the present invention, a 
first hydraulic line is branched from a hydraulic line 
between the flow distribution valve and a hold check 
valve and detects a pressure in the hydraulic line there- 
between as a load pressure. Therefore, even when the 
load pressure of a hydraulic actuator is increased 
beyond the pressure at a meter-in variable throttle M/l of 
a main valve, the load pressure is held by the hold check 
valve and the hydraulic fluid is avoided from reversely 
flowing into a reservoir via the first hydraulic line, a sec- 
ond hydraulic line, a signal detecting hydraulic line and 
a first throttle. 

[0077] Additionally, according to the present inven- 
tion, when the hydraulic actuator on the side of the sec- 
ond particular control valve reaches its stroke end, a 
pilot check is opened so that the signal pressure in the 
signal transmitting hydraulic line is given by the pres- 
sure on the side of the first particular control valve. This 
feature contributes to providing a more appropriate 
working speed and reducing an energy loss. 

Claims 

1. A hydraulic circuit system comprising a hydraulic 
pump (1 ), a plurality of hydraulic actuators (3-1 , 3-2) 
driven by a hydraulic fluid delivered from said 
hydraulic pump, a plurality of control valves (4-1 , 4- 
2) disposed between said hydraulic pump and said so 
plurality of actuators, a signal transmitting hydraulic 
line (9) to which a signal pressure based on a max- 
imum load pressure among said plurality of hydrau- 
lic actuators is introduced, and pump control means 
(2) for controlling a delivery pressure of said 55 
hydraulic pump to be held higher than said signal 
pressure by a predetermined value, 



said plurality of control valves comprising 
respectively main valves (4a-1, 4a-2) including 
meter-in variable throttles (M/l) for controlling 
flow rates of the hydraulic fluid supplied to said 
hydraulic actuators, and 
flow distribution valves (5-1, 5-2) disposed 
between said meter-in variable throttles and 
said actuators, each of said flow distribution 
valves including a valve body (50) which has 
one end positioned on the inlet side (5a) of said 
flow distribution valve connected to said meter- 
in variable throttle and the other end positioned 
in a control chamber (70), said valve body 
being moved through a stroke depending on 
balance between a pressure in said control 
chamber and a pressure in said inlet side to 
control the pressure in said inlet side, thereby 
controlling a differential pressure across said 
meter-in variable throttle, wherein: 
said hydraulic circuit system further comprises 
a load-pressure detecting hydraulic line (20, 
32, 31 -1 , 31 -2; 7a, 8-1 , 8-2, 10-1,1 0-2, 7b) pro- 
vided in each of said plurality of control valves 
(4-1,4-2), said load-pressure detecting hydrau- 
lic line including a first hydraulic line (20, 32; 
7a, 8-1, 8-2, 10-1, 10-2) with a check valve 
function, which is branched from a point 
between said meter-in variable throttle (M/l) 
and said hydraulic actuator (3-1, 3-2) for 
detecting a pressure at the branched point, and 
is connected to said control chamber (70) of 
said flow distribution valve (5-1, 5-2), and a 
second hydraulic line (31-1 , 31-2, 7b) for con- 
necting said control chamber to said signal 
transmitting hydraulic line (9), said first hydrau- 
lic line with the check valve function including a 
valve body passage (20), which is formed in a 
valve body (50) of said flow distribution valve 
(5-1, 5-2) and has one end being opened to 
one of the inlet side (5a) and the outlet side 
(5b) of said flow distribution valve and the other 
end being opened to an outer periphery of said 
valve body, and a lap portion (32) located 
between the other end (20a) of said valve body 
passage and said control chamber (70) and 
making the other end of said valve body pas- 
sage opened to said control chamber when the 
valve body of said flow distribution valve is 
moved through a stroke of a predetermined 
distance in the valve opening direction; 
a selector valve (11) provided in said second 
hydraulic line (31-1) of said load-pressure 
detecting hydraulic line in a first particular con- 
trol valve (4-1 ) of said plurality of control valves; 
and 

a third hydraulic line (35) connected to the out- 
let side (5b) of said flow distribution valve in a 
second particular control valve (4-2) of said 
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plurality of control valves, 
said selector valve (11) having a first position 
(I) at which only a portion of said second 
hydraulic line (31-1) on the side of said control 
chamber is connected to said signal transmit- 5 
ting hydraulic line (9), and a second position (II) 
at which the portion of said second hydraulic 
line (31-1) on the side of said control chamber 
is connected to both said signal transmitting 
hydraulic line (9) and said third hydraulic line io 
(35). 

2. A hydraulic circuit system according to Claim 1, 
wherein said plurality of control valves (4-1, 4-2) fur- 
ther comprise respectively hold check valves (6-1, is 
6-2} -^isposed-bfitween. said flow distribution valves 
(5-1, 5-2) and said hydraulic actuators (3-1, 3-2), 
and said first hydraulic line (20, 32; 7a, 8-1 , 8-2, 1 0- 

1 , 1 0-2) with the check valve function is branched 
from a point between said meter-in variable throttle 20 
(M/l) and each of said hold check valves (6-1 , 6-2) 
to detect a pressure at the branched point 

3. A hydraulic circuit system according to Claim 1 or 2, 
wherein said plurality of control valves (4-1, 4-2) 25 
each include a hydraulic line slit (20) formed in the 
outer periphery of the valve body (50) of said flow 
distribution valve and opened at one end to the out- 
let side (5b) of said flow distribution valve, said 
hydraulic line slit constituting said valve body pas- 30 
sage. 

4. A hydraulic circuit system according to Claim 1 , fur- 
ther comprising means (42) for producing a first sig- 
nal (F) when said first and second particular control 35 
valves (4-1, 4-2) are both operated, 

wherein said selector valve (1 1 ) is shifted from said 
first position to said second position by said first sig- 
nal. 

40 

5. A hydraulic circuit system according to Claim 1 , fur- 
ther comprising a check valve (36) disposed in said 
third hydraulic line (35) and allowing the hydraulic 
fluid to flow only in a direction toward said flow dis- 
tribution valve (5-2) of said second particular con- 45 
trol valve (4-2) from said selector valve (11). 

6. A hydraulic circuit system according to Claim 5, 
wherein said check valve is a pilot check (36A) 
capable of being selectively opened. so 

7. A hydraulic circuit system according to Claim 6, fur- 
ther comprising means (85, 86, 87) for producing a 
second signal (Z) when said hydraulic actuator (3- 

2) associated with said second particular control 55 
valve (4-2) reaches a stroke end, 
wherein said pilot check (36A) is opened by said 
second signal. 
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8. A hydraulic circuit system comprising a hydraulic 
pump (1 ), a plurality of hydraulic actuators (3-1 , 3-2) 
driven by a hydraulic fluid delivered from said 
hydraulic pump, a plurality of control valves (4-1 , 4- 
2) disposed between said hydraulic pump and said 
plurality of actuators, a signal transmitting hydraulic 
line (9) to which a signal pressure based on a max- 
imum load pressure among said plurality of hydrau- 
lic actuators is introduced, and pump control means 
(2) for controlling a delivery pressure of said 
hydraulic pump to be held higher than said signal 
pressure by a predetermined value, 

said plurality of control valves comprising 
respectively main valves (4a-1, 4a-2) including 
meter-in variable throttles (M/l) for controlling 
flow rates of the hydraulic fluid supplied to said 
hydraulic actuators, and 

flow distribution valves (5-1, 5-2) disposed 
between said meter-in variable throttles and 
said actuators, each of said flow distribution 
valves including a valve body (50) which has 
one end positioned on the inlet side (5a) of said 
flow distribution valve connected to said meter- 
in variable throttle and the other end positioned 
in a control chamber (70), said valve body 
being moved through a stroke depending on 
balance between a pressure in said control 
chamber and a pressure in said inlet side to 
control the pressure in said inlet side, thereby 
controlling a differential pressure across said 
meter-in variable throttle, wherein: 
said hydraulic circuit system further comprises 
a load-pressure detecting hydraulic line (7a, 8- 
1 , 8-2, 10-1,1 0-2, 7b) provided in each of said 
plurality of control valves (4-1, 4-2), said load- 
pressure detecting hydraulic line including a 
first hydraulic line (7a, 8-1 , 8-2, 10-1,1 0-2) with 
a check valve function, which is branched from 
a point between said meter-in variable throttle 
(M/l) and said hydraulic actuator (3-1 , 3-2) for 
detecting a pressure at the branched point, and 
is connected to said control chamber (70) of 
said flow distribution valve (5-1, 5-2), and a 
second hydraulic line (7b) for connecting said 
control chamber to said signal transmitting 
hydraulic line (9); 

a selector valve (11) provided in said second 
hydraulic line (31-1) of said load-pressure 
detecting hydraulic line in a first particular con- 
trol valve (4-1 ) of said plurality of control valves; 
and 

a third hydraulic line (35) connected to the out- 
let side (5b) of said flow distribution valve in a 
second particular control valve (4-2) of said 
plurality of control valves, 
said selector valve (11) having a first position 
(I) at which only a portion of said second 
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hydraulic line (31-1) on the side of said control 
chamber is connected to said signal transmit- 
ting hydraulic line (9), and a second position (II) 
at which the portion of said second hydraulic 
line (31-1) on the side of said control chamber 5 
is connected to both said signal transmitting 
hydraulic line (9) and said third hydraulic line 
(35). 
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